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A parsimonious model of ﬂow capable of simulating ﬂow in natural/engineered catchments and at WWTP
(Wastewater Treatment Plant) inlets was developed. The model considers three interacting, dynamic sto-
rages that account for transfer of water within the system. One storage describes the ‘‘ﬂashy’’ response of
impervious surfaces, another pervious areas and ﬁnally one storage describes subsurface ﬂow. The sew-
erage pipe network is considered as an impervious surface and is thus included in the impervious surface
storage. In addition, the model assumes that water discharged from several CSOs (combined sewer over-
ﬂows) can be accounted for using a single, characteristic CSO. The model was calibrated on, and validated
for, the Vidy Bay WWTP, which receives efﬂuent from Lausanne, Switzerland (population about 200,000),
as well as for an overlapping urban river basin. The results indicate that a relatively simple approach is
suitable for predicting the responses of interacting engineered and natural hydrosystems.
 2012 Elsevier B.V. All rights reserved.1. Introduction
Catchment modeling is a mature discipline, and much research
and modeling has been carried out on natural catchments. Like-
wise, urban hydrological modeling has now reached a state of
maturity in terms of prediction of the hydrologic response of urban
or partially urbanized basins (Delleur, 2003; Ashley et al., 1999;
Borah, 2011). As discussed in detail by Zoppou (2001), urban
stormwater models are based on detailed spatial descriptions of
the constituent drainage networks. Such models are valuable for
many purposes, of course.
Most popular urban hydrological models used in research and
engineering (e.g., MOUSE (Hernebring et al., 2002), SWMM3) are
spatially distributed with link-node drainage networks. Detailed
modeling of drainage systems is often deemed necessary because
of the complexity of ﬂow paths in urban catchments (Cantone and
Schmid, 2011; Gironás et al., 2009). Yet, water science abounds with
mathematical tools designed for lumped hydrological studies,
including stochastic and deterministic approaches (see, e.g., Singhll rights reserved.
Aquatic Science and Technol-
erland.
, Swiss Federal Institute of
m/, last accessed December
al. Parsimonious hydrologicaland Woolhiser (2002) for a review). But, so far, these models have
been mostly tested on rural areas where a parsimonious approach
is more evident (Amin and Campana, 1996; Beven and Kirkby,
1979; Jacobson, 2011; Kelman, 1980; Perrin et al., 2001; Yadav
et al., 2007).
Here, we explore a simpliﬁed approach to urban hydrology
modeling based on a lumped approach, as an alternative to de-
tailed network modeling. Lumped models are appropriate when
the focus of the modeling effort is the catchment outlet, which is
the case considered here. The model integrates the main physical
processes in urban catchments (i.e., precipitation, inﬁltration, soil
moisture, runoff, streamﬂow and groundwater ﬂow), but without
consideration of the detailed pipe drainage network. The model
is designed to predict the ﬂow (i) at the entrance of a WWTP
(Wastewater Treatment Plant), which is the endpoint of the city’s
drainage system, and (ii) in an engineered urban river basin, which
also receives ﬂow from the city. In urban systems, these two end-
points drain overlapping basins.
The model is based on a small number of storages that account
for the main features of an urban catchment, i.e., (i) high propor-
tion of impervious surfaces, (ii) complex drainage system, (iii)
presence of CSOs (combined sewer overﬂows), and (iv) artiﬁcial
water inputs. In addition, the hydrological model integrates func-
tions that aim to reproduce characteristic daily variations of dry
weather ﬂow to the WWTP. The model is validated for a WWTP
drainage basin and for an urban river. The two considered basins
partly overlap over the city of Lausanne, Switzerland.modeling of urban sewer and river catchments. J. Hydrol. (2012), http://
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The basin is modeled as a set of three storages (one surface and
two subsurface), each characterized by a state variable represent-
ing the water stored within it (Fig. 1). The two meteorological forc-
ings considered are precipitation and air temperature, T, both
assumed uniform over the basin. The type of precipitation is deter-
mined based on a temperature threshold (DeWalle and Rango,
2008; Schaeﬂi et al., 2005): when T is above the threshold Tcr ,
precipitation occurs as rain, otherwise precipitation is frozen.
The water is considered to ﬂow on surfaces and in the subsur-
face (c.f., Kirkby, 1988; Musy and Higy, 2010; Quinn et al., 1991;
Rinaldo et al., 2006; Rodriguez-Iturbe and Valdes, 1979). The sur-
face compartment, responsible for surface runoff, is modeled as a
fast-reacting (transient) storage characterized by a water volume
of Ss cf.(Beven and Kirkby, 1979; Fenicia et al., 2007; Puente
et al., 1993; Todini, 1988). The subterranean layer is represented
as composed of two reservoirs: the upper soil (or root zone) region
and the groundwater region with, respectively, storages of Su and
Sg (Botter et al., 2010). Ss and Sg are considered to extend over
the total surface of the catchment, whereas Su occupies only the
pervious fraction of the basin (Fig. 1).2.1. Modeling of surface processes
In urban basins, the rapid run-off response to precipitation is an
important feature (Basu et al., 2010; Deletic, 1998; Elliott and
Trowsdale, 2007; Gupta and Saul, 1996; Jacobson, 2011). This
water bypasses the subsurface ﬂow, and is treated as a separate
component in the lumped model. Physically speaking, this
amounts to dividing the catchment area into pervious and imper-
vious surfaces, with the latter producing the rapid runoff
component.
The ﬂux of precipitation falling on each part is, respectively, jAp
and jAi, where Ap and Ai ½L2 represent the permeable and imperme-
able areas (Fig. 1) and j ½LT1 is the precipitation rate. Note that, for
an urban basin equipped with a partially-separated sewer system,
Ai comprises the fraction of the impermeable area actually contrib-
uting to the discharge.
When falling on the pervious fraction of the basin, the rain can
either inﬁltrate or produce overland ﬂow. The inﬁltration ﬂux, I
½L3T1, is described by a simpliﬁed law derived from the Horton
function (e.g., Hingray et al., 2009; Horton, 1940; Ravi and Wil-
liams, 1998):Fig. 1. Schema of the WWTP catchment conceptualization. The pipe and channel netw
reservoir. The other part of the rain jAp enters the pervious zone (Su), where it can ev
framework applies for river basin modeling. In the case where the model is used to sim
network, thereby modeling the drainage effect of the sewer system, which is in addition
WWTP is replaced by the river. Symbols are explained in the text.
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  
; ð1Þ
where Ksat ½LT1 is the saturated hydraulic conductivity, h [–] the
soil moisture content and n [–] the effective porosity.
When the precipitation exceeds the soil inﬁltration capacity, the
surplus precipitation becomes inﬁltration-excess overland ﬂow
(Beven, 2004; Cundy and Tento, 1985; Engman and Rogowski,
1974; Evans et al., 1999). In this circumstance, the compartment
to which the inﬁltration ﬂux is directed is not saturated when run-
off occurs. In the model, the excess precipitation is transferred to a
surface storage. This storage also receives the precipitation ﬂux
falling on any impervious surfaces, jAi. The output, Qsup, from this
storage produces the fast component of the total streamﬂow. The
water-budget equation for the surface storage is:
dSsðtÞ
dt
¼ RðtÞ þ AijðtÞ  QsupðtÞ; ð2Þ
where R ¼ jAp  I;Qsup ¼ ksupSs and ksup is the rate discharge of the
impervious surface linear reservoir. When Hortonian inﬁltration is
exceeded (Eq. (1)), a fraction R of the rainwater is added to the over-
land ﬂow.
2.2. Modeling of subsurface processes
Surface inﬁltration enters the root zone storage, the total vol-
ume of which is:
Su ¼ ZhAp; ð3Þ
with Z [L] the depth of the active soil layer. Two types of outputs
from this region are considered: evapotranspiration, ET, and deep
percolation, Je. The water vapor ﬂux is modeled as:
ET ¼ ApETmaxf ðhÞ; ð4Þ
where ETmax½LT1 is the maximum (potential) ﬂux of water that can
be lost as vapor and f ðhÞ represents the restriction on water extrac-
tion due to the soil’s moisture content:
f ðhÞ ¼
0; h < hw;
hhw
hhw ; hw 6 h 6 h
;
1; h < h < n;
8><
>: ð5Þ
where hw is the permanent wilting point and h the critical soil
moisture level at which the plant begins to close stomata in re-
sponse to water stress (e.g., Dingman, 1994; Nicótina et al., 2011;ork is replaced by a linear reservoir (Ss). A fraction jAi of the rainfall enters this
apotranspires or percolates to the subsurface linear reservoir (Sg ). Note that same
ulate ﬂow at the WWTP entrance, the subsurface reservoir discharges into the pipe
to artiﬁcial inputs from water use (see Section 2.4). In the second case (river), the
modeling of urban sewer and river catchments. J. Hydrol. (2012), http://
Table 1
Mathematical expressions of adopted ﬁtting criteria functions e.g.,(Nash and Sutcliffe,
1970; Hingray et al., 2009; Schaeﬂi and Gupta, 2007; Fenicia et al., 2007; Reusser
et al., 2008). Zsim and Zobs are the modeled and observed values and n is the number of
observations.
Criterion function Expression Optimal value
Nash–Sutcliffe
1
Pn
i¼1 ½Zobs ðiÞZsimðiÞ
2Pn
i¼1 ½ZobsðiÞZobs 
2
1
Normalized Bias
Pn
i¼1 ½ZobsðiÞZsim ðiÞ
nZobs
0
Table 2
Calibration parameters and the range of values considered. For the Monte-Carlo
parameter optimization procedure, a uniform distribution was considered.
Parameter Symbol Lower bound Upper bound
Saturated conductivity Ksat (m s1) 1:4 106 2:6 105
Wilting point hw 0.14 0.26
Clapp exponent c 1 20
ET parameter a 4.8 0.84
ET parameter b 0.7 1.19
Subsurface discharge rate ksub (s
1) 2:8 108 3:8 107
Surface discharge rate ksup (s1) 2:0 105 3:8 104
S. Coutu et al. / Journal of Hydrology xxx (2012) xxx–xxx 3Rodrìguez-Iturbe and Porporato, 2005). The dryness state is as-
sumed to be reached when the relative soil water content is below
65% (i.e., h  0:65n) (cf., Nicótina et al., 2011).
The maximum evapotranspiration is computed through a mod-
iﬁed version of the Blaney–Criddle equation (e.g., Doorenbos and
Pruitt, 1975):
ETmax ¼ aþ b½pð0:46Tþ 8:13Þ; ð6Þ
where a and b are ﬁtting parameters and p is the mean annual per-
centage of daytime hours, which varies only with latitude (Allen
et al., 1998).
The second loss from the upper soil region is due to percolation
to groundwater. According to a widely used parameterization of
vertical gravity-driven ﬂow (e.g., Botter et al., 2010; Rodrìguez-
Iturbe and Porporato, 2005), the leaching from the root zone is
computed as:
Je ¼ ApKsat
h
n
 c
: ð7Þ
The deepest subterranean region is modeled as a linear reservoir re-
charged by the leaching from the upper soil layer. The water ﬂux
from this zone, Qsub ¼ ksubSg , is used to simulate the baseﬂow in
the river, when this model is applied to the natural region. For
application to the sewer catchment, the subterranean ﬂow repre-
sents the transfer of water from soil to the drainage system. Indeed,
a non-negligible part of the inﬁltrated water can be drained by the
pipe network, principally depending on soil characteristics (Berthier
et al., 2004; Karpf and Krebs, 2011). This inﬁltration of groundwater
to the drainage network must in consequence be considered in the
water dynamics (Dupont et al., 2006; Göbel et al., 2004).
The mass conservation equations modeling near-surface and
deep soil water dynamics are:
dSuðtÞ
dt
¼ IðtÞ  ETðtÞ  JeðtÞ; ð8Þ
dSgðtÞ
dt
¼ JeðtÞ  QsubðtÞ: ð9Þ
This formulation of subterranean ﬂow, based on Botter et al. (2010),
is easily extendible to account for interﬂow (or subsurface runoff)
through shallow soil layers. This ‘‘fast internal ﬂow’’, with drainage
capacity in between overland and deep ﬂow, could be a relevant
component of hydrographic recession curves for anisotropic soils
in which the lateral hydraulic conductivity dominates that in the
vertical (Hingray et al., 2009; Musy, 2005; Raghunath, 2006; Shaw,Fig. 2. Linear low partitioning function applied to the representative CSO. The
maximum ﬂow reaching the WWTP is limited by the threshold, Qlim . The excess is
diverted out of the modeled pipe network.
Please cite this article in press as: Coutu, S., et al. Parsimonious hydrological
dx.doi.org/10.1016/j.jhydrol.2012.07.0391994). In this case, the hydrological model proposed can be en-
hanced by limiting the deep percolation reaching the groundwater
storage and diverting part of it into streamﬂow (cf., Thomet, 2010).
2.3. Consideration of CSOs
A characteristic feature of hybrid sewer networks are CSOs. In
the drainage network, CSOs divert ﬂows above a certain level di-
rectly to receiving waters, rather than to the WWTP (Butler and
Davies, 2010; Lee and Bang, 2000; Wisner et al., 1981). Although
a sewer network usually consists in several CSOs, we consider in
this study that a single, representative ﬂow delimiter is sufﬁcient
to model the effect of all CSOs of the system in a lumped fashion
manner. This representative CSO is modeled using a diversion
law that follows a linear threshold-limited function (in Fig. 2).
2.4. Dynamics of wastewater production
During dry weather, discharges arriving at the WWTP inlet are
determined mainly by two phenomena: (i) inﬁltration of ground-
water into the pipe network (see Section 2.2 and Dupont et al.
(2006); Göbel et al. (2004)) and, (ii) water use and consequent
wastewater production. This ‘artiﬁcial’ water input, which is not
present in a natural catchment, is modeled based on statistical
analysis presented by Jordan (2010). In this study, monthly, daily
and hourly ﬂow coefﬁcients are extrapolated from temporal series
analysis and considered as characteristic of the system. This in-
cludes direct water consumption in households, and all parasitic
clear water (fountains, street washing, industrial uses, etc).3. Optimization of hydrological quality index
Model calibration was performed based on the two objective
functions in Table 1, since this combination has been found to yield
better overall ﬁts (Hingray et al., 2009; Perrin et al., 2001). The list
of ﬁtting criteria and the range of prior values given before calibra-
tion process can be found in Table 2.
Similarly to Fenicia et al. (2006) and Seibert (2000), the calibra-
tion approach adopted here is based on a Monte Carlo algorithm
designed to optimize the model performance, using themodeling of urban sewer and river catchments. J. Hydrol. (2012), http://
Fig. 3. Two basins are studied. For the Vidy Bay WWTP (white), the catchment is fully artiﬁcial, and is composed of Lausanne’s pipe network. The other is the urban basin of
the Vuachère river (gray). The two basins partly overlap.
4 S. Coutu et al. / Journal of Hydrology xxx (2012) xxx–xxxNash–Sutcliffe (NS) and the Normalized Bias (NB) criteria (Table 1).
The former places an emphasis on the model’s ability to estimate
large magnitudes (i.e., peak discharge), while the latter weights
more the deviation between simulated and observed water
balance, as follows:
Minfð1 NSÞþ j NB jg: ð10Þ4 http://www.meteosuisse.ch, last accessed January 2012.4. Case study and results
4.1. Application of the model to an urban basin: Modeling of ﬂow at
the river outlet and WWTP entrance
The same modeling framework is employed to model both the
dynamics of ﬂows at an urban river outlet and inlet of a local
WWTP. The application area is the city of Lausanne in Switzerland,
which has a population of about 200,000 and is characterized by a
steep average gradient towards nearby Lake Geneva. A feature of
Lausanne is that the WWTP catchment and the river catchment
overlap over a fraction of the city (Fig. 3). The model is calibrated
twice on the same time period, once to model the WWTP input,
and once to model the river output to the adjacent Lake Geneva,
which is the receiving water body for both river and WWTP
discharges.
4.2. Application to the WWTP basin
The WWTP catchment under study is the Lausanne hybrid (par-
tially-separate) sewer system, drains to the Vidy Bay WWTP. It is a
typical urban catchment, where much water comes from toilets,
washing, industry and other uses, rather than directly from natural
sources. The channels comprising the WWTP basin consist mainly
of concrete galleries, pipes and overﬂows, which often do not fol-
low the natural topography and sometimes even move upslope,
driven by pumping stations (Assainissement Lausanne, 2009).
The Vidy Bay WWTP treats about 6 104 m3 of wastewater dai-
ly. Flow data were collected at the entrance of the WWTP (Jean-
bourquin et al., 2011; Nguyen et al., 2009). Rain and temperature
information were extracted from a nearby meteorological stationPlease cite this article in press as: Coutu, S., et al. Parsimonious hydrological
dx.doi.org/10.1016/j.jhydrol.2012.07.039managed by the Swiss Federal Ofﬁce of Meteorology and
Climatology.4
There is signiﬁcant heterogeneity in the WWTP basin: The old-
est, central part of the catchment is made up of a combined sewer
system, in which wastewater and stormwater ﬂow together,
whereas in newer, surrounding areas, separate drainage systems
have been installed (i.e., wastewater and stormwater are collected
separately). The combined system drains about 30% of the WWTP
basin, while its imperviousness is around 25% (Rossi et al., 2008).
Note that 70% of the WWTP basin consists of separate sewer sys-
tem. A large part of the water is in consequence diverted through
drainage out of the WWTP basin. This fraction of water does not
participate in the ﬂow to the WWTP entrance and was thus re-
moved from the system.
The hydrological model setup for the WWTP basin was cali-
brated over the period July–November 2010. The comparison of
observed and computed hydrographs is satisfactory (Fig. 4), with
a NS coefﬁcient of 0.73 and NB of 0.00041. Good performance
was achieved also for the validation period November 2010–Janu-
ary 2011, as can be seen in Fig. 4, with ﬁtting metrics in the same
range.
The model reproduces well dry weather conditions as well as
peak discharges. In this case, the ﬂow rate at the WWTP entrance
during signiﬁcant storm events is attenuated by the presence of
CSOs; this behavior is captured by the simulator. As stated above,
all CSO’s in the network are represented by a single CSO and diver-
sion law (Section 2.3), for which a single parameter, Qlim, must be
selected. For the latter, we used the Qlim value for the CSO at which
most diversion occurs. This CSO, the closest CSO to the WWTP, is
responsible for more than a third of all CSO discharge, and is typ-
ically the ﬁrst to become operational in storms (e-dric.ch, 2008).
The modeling results in Fig. 4 do not capture perfectly the mea-
sured data. Such differences could arise from the inherent stochas-
tic nature of wastewater production (Rieckermann et al., 2011) or
measurement errors at the WWTP. In addition, rainfall measure-
ments from a single location were used, without any consideration
of possible spatial variations due, for example, to topographicmodeling of urban sewer and river catchments. J. Hydrol. (2012), http://
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Fig. 4. Sample of the hydrograph for the calibration period (a) and full validation period (b) for ﬂow modeled at WWTP inlet. Gray dashes are ﬁeld measurements, solid lines
are model predictions and precipitation rate is on the right abscissa of (b).
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S. Coutu et al. / Journal of Hydrology xxx (2012) xxx–xxx 5effects (Huff and Vogel, 1978; Kieffer and Bois, 2001). Nevertheless,
the ﬁtting metrics used conﬁrm the overall satisfactory predictive
power of the model (NS = 0.73, NB = 0.0041).
The described modeling approach was also compared with the
distributed model RS-3.0 used by the local authorities to manage
ﬂow the WWTP inlet. This model is a SWMM-type object-oriented
program developed in the VBA environment (Dubois and Boillat,
2000). The model simulates Lausanne’s full routing network (100
sub-basins,12 CSOs and 2 pumping stations), with ﬂow based on
the kinematic wave approximation.
As shown by Fig. 5, the two models closely agree during dry
weather. The lumped model results are somewhat smoother. The
dry weather ﬂow variations at WWTP inlet follow monthly, daily
and hourly variations around the mean base ﬂow. These variations
in our model have been described by assigning to the base ﬂow
corresponding coefﬁcients (monthly, daily, hourly). These coefﬁ-
cients are taken from local public wastewater management reports
(Assainissement Lausanne (2009)). During rain events, the magni-
tude of the simulated peaks correspond for the two models,
although we observe a faster response time for the lumped model.
Structural differences between the two models are so numerous
that it would be difﬁcult to isolate a speciﬁc reason to explain this.
First, slope effects can explain the velocity of the response, but ba-
sin slope is not directly involved in our model, even if slope is indi-
rectly integrated into reservoir discharge rate. Volumes simulated
during the rain events are in the same range (11:1 104 m3 for
RS-3.0 and 9:6 104 m3 for the lumped model). The difference in
the distribution of pervious/impervious areas between the two
models could also explain the shift. Our model considers a uniform
distribution whereas RS-3.0 uses different distributions for the 100
sub-basins that are routed together. Globally, the results in Fig. 5
show satisfactory agreement.
4.3. Application to the river basin
The modeled river, called the Vuachère, is located in the eastern
part of the city of Lausanne (Fig. 3). The total area of the catchment
is about 15 km2, of which approximately 34% is impervious.
According to data shown by Jordan (2010), about 60% of the runoff
generated on the Vuachère’s impervious surfaces contributes to
the river discharge, while the rest is considered to ﬂow into the
sewer system.Please cite this article in press as: Coutu, S., et al. Parsimonious hydrological
dx.doi.org/10.1016/j.jhydrol.2012.07.039The ﬂow rate was measured at the outlet of the river basin, just
before discharge into Lake Geneva. The calibration and validation
periods were taken the same as for the WWTP basin modeling.
Close agreement is shown in the comparison of predicted and mea-
sured ﬂow rates (Fig. 6).
Different factors in themodel drive the simulated ﬂow dynamics
in the river. The subsurface reservoir discharge constant controls
the river’s base ﬂow. The magnitude of peak discharge during rain
events is controlled by the impervious surface reservoir area. The
volume of water involved in the fast response of the basin during
rainfall, on the other hand, is driven by three factors: (i) the fraction
of impervious area of the basin, (ii) the fraction of water diverted to
the WWTP through the pipe network due to the presence of CSOs,
and (iii) inﬁltration excess (when the rainfall intensity exceeds
the inﬁltration rate limit, the excess is diverted to the impervious
reservoir, and is thus transported rapidly to the river).
5. Sensitivity analysis
A sensitivity analysis was conducted to estimate the inﬂuence
of the model parameters (Table 2). Each parameter was varied
within the prior range of acceptable values for this parameter,
and the two ﬁtting criteria (Nash–Sutcliff and Normal Bias) com-
puted. Results are presented in Fig. 7.modeling of urban sewer and river catchments. J. Hydrol. (2012), http://
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Fig. 7. Results of the sensitivity analysis. The model is sensitive to ksub; ksup and c to a lesser extent. The NS criterion is in black and NB in gray. All model parameters are scaled
between 0 and 100.
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Fig. 8. Dominant pathways considered. Endpoints of the system are the river and
the WWTP.
S. Coutu et al. / Journal of Hydrology xxx (2012) xxx–xxx 7We see from Fig. 7 that two parameters mainly govern the over-
all performance of the model. These are the discharge constants of
the surface impervious reservoir (ksup) and the subsurface reservoir
(ksub). Note that ksup affects the ﬂashy response of rainfall on the
impervious surface. The Nash–Sutcliff criterion is particularly sen-
sitive to variations of this parameter. On the other hand, changes in
the ksub value degrade the ability of the model to reproduce the
base ﬂow, and thus move the Normal Bias criterion away from
its optimal value of 0, in addition to affecting the Nash–Sutcliff cri-
terion. The values of other calibration parameters within the prior
range of selected possible values affect only minimally the quality
of model predictions.6. Discussion
The lumped modeling approach was designed to predict, with
an identical framework, both ﬂow at the WWTP inlet and at the
outlet of the river basin overlapping the WWTP catchment. The ap-
proach is consistent with the main physical processes responsible
for water transfer at basin scale. The dominant physical processes
driving water discharge at the two basin end-points in this study
are Hortonian runoff, evapotranspiration, and gravity-driven per-
colation to groundwater. Saturation excess was not implemented
in our modeling scheme as we considered an unlimited reservoir
height – i.e., the reservoir is never full – and this could lead to
underestimation of surface runoff (Buda et al., 2009; Martínez-
Mena et al., 1998; Nachabe et al., 1997). Saturation excess could
be easily implemented but at cost of additional calibration param-
eter. Run-off from impervious surfaces and groundwater discharge
are modeled as responses of linear reservoirs. This choice allows us
to keep the same parsimonious approach for the modeling of both
the rural and urban basins. In facts, several studies suggest that the
transfer function of an urban basin is not unique, the complexity of
the different pathways leading to deviations from the Horton law
in a certain extent (Berthier et al., 1999; Rodriguez et al., 2003,
2005). Despite structural heterogeneities that are inherent in ur-
ban areas, the simpliﬁed model adopted here captures ﬂow varia-
tions in both the river and sewer network.
Fig. 8 shows the routes by which the proposed framework
transmits water to the catchment end-points (i.e., WWTP inlet or
river outlet). A major assumption is that the pipe network is con-
sidered as a part of the impervious surface. In other words, no dis-
tinction is made between overland and ‘‘underground’’ runoff, as
both are characteristics of engineered basins. ‘‘Underground’’ run-
off results from an underground impervious area – the pipe net-Please cite this article in press as: Coutu, S., et al. Parsimonious hydrological
dx.doi.org/10.1016/j.jhydrol.2012.07.039work – that increases the intensity of the ‘‘ﬂashy’’ response of
the basin, as more water is diverted quickly to the end-point of
the system.
Another key assumption is the way CSOs are represented. For
the river, CSOs provide additional water as excess water in the pipe
network is diverted to prevent overloading the WWTP. Thus, CSOs
act as point sources of water for the urban river, and point drains
for theWWTP basin. As explained in Section 2.3, only the hydraulic
function of the most representative CSO was considered. This sim-
pliﬁcation was found to be reasonable as predicted results match
ﬁeld measurements and simulations from the current distributed
model (RS-3.0, using 12 separate CSOs) used by Lausanne author-
ities for WWTP ﬂow management. For the WWTP catchment, the
ﬁnal CSO was found to be the most inﬂuential, and indeed con-
trolled the CSO contribution to the WWTP. This occurred for two
reasons: (i) it is the ﬁrst CSO to discharge water when rain occurs
and, (ii) it is the last CSO before our ﬂow measurement point
(WWTP inlet).
Cantone and Schmidt (2009) discussed the potential problems
that could arise in simplifying sewer hydrologic/hydraulic models,
and concluded that to lump together interacting nonlinear pro-
cesses of the system could affect the outfall hydrograph. However,
inclusion of elements of the system can lead to over-parameteriza-
tion of the system and increase uncertainties as discussed by Leon
et al. (2010). In agreement with Leon et al. (2010), the study pre-
sented here presents a physically consistent model that, despite
its simpliﬁcations, allows prediction of water ﬂow dynamics in
two structurally different basins.7. Conclusion
In this study, a hierarchical physically based storage and trans-
mission model was designed as an alternative means for simulat-
ing continuous ﬂow dynamics in complex engineered urban
basins. The model ignores the complexity of the drainage network,
while reproducing efﬁciently the ﬂow dynamics at the different
end-points. Two important modeling assumptions are: (i) the pipe
network is replaced by an underground impervious area and thus
overland ﬂow and pipe discharge can be together modeled as a fast
discharge linear reservoir, and (ii) the water diverted out of the
sewer system through the different CSOs can be combined together
through the hydraulic discharge function of a representative CSO.
Putting aside the drainage network complexity leads to a large
decrease in both the number of model parameters and computa-
tion time. Therefore, our approach is ideal for repetitive tasks such
as model calibration and optimization. In addition, the model can
serve as the ﬂow part of more complex models assessing complex
diffuse pollution production and transfer processes. We suggest
that the model has potential as a tool for WWTP management
and urban water resource planning.References
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